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(54) A/D CONVERTING CIRCUIT 

(57)Abstract , 

PROBLEM TO BE SOLVED: To suppress increase in the number of 
comparators in terms of an index with high resolution conversion by 
using respective output signals obtained by means of subtracting a 
reference voltage which is obtained by dividing a voltage between two 
reference voltage sources as a switch control signal: 
SOLUTION: The respective reference voltages of a first reference 
voltage generating means 1, which are obtained by dividing the voltage 
between the first and the second reference voltage sources Vref 1 
and Vref 2 are compared with an analog input signal Vin so as to 
execute coarse conversion by a first encoder 10 corresponding to a 
high-order A/D conversion bit. Here, an output reault by a first 
decoder 5 is used as the switch control signal for selecting the 
respective output signals by a switch, which are obtained by 
subtracting the respective reference voltages from the analog input * 
signal Vin. Then, a low-order A/D conversion bit output signal is 
compared with the respective reference voltages of the second 
reference voltage generating means 6 so as to execute conversion into 
the low-order A/D conversion bit corresponding to the comparison 
result by the second encoder 9. 
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4i. *i©jt«¥a:©tH*S3r3^--Hb'Ta*?¥ao- 
E*m*--r**2cD#B8fiBEia*¥a:6.i.. '«»©*-2' 

S7.t..»2 CDit«fa©a^S73- 'Hr*JB'2 CDx 
LTWD^fy h$:tti^-r^^2CDX>=]-y9 

•A/D««ia»s«js!E"r*. 
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(DXJim^£AJrtz>m*itM&£* is 1 ©**«£» 

hWi 2 <D&mm.l£M£ ©RSIfC n <@ (nH2 ^Jt©IE©3g 

o«5fc»3£*naifift©fa!!£*fiEftia*-r*JS 1 ©#m 

ttJIffiTWai:. «»©Jfc*fl§lS»J&>5£D. WfBfS 1 © 

t^n^enA* u tW2«*fc[a5S©Hj*£*j£ 

80»©te-7j©A**^fc#afcA7J LTfc-SiR 1 ©Jt 
ttR©«JflH](&j&> 0 . lOTEfSU ©#{&* 

ffiaa*a©#a£*ffi*#«jfiii»©— ^©A^sa^ 
■K-tn?nA*b, wiErt#fcia»©Hj7j£#«sia8& 

©^©A^^lC^aicA^bTte&Mff^ai. m 

wff^ao^wiic'iHittfeffi^M^fc-tn-fnx^sBTF* 

Sttbfctaft©;*-* y 3Mg»£«fK«ifcfl:l§l»©tb7jiS 

at. itr^iwttJft^ao^itttHBcDai^sa^sA 20 

b, HJrtSfl^S-fc&A/Dglfchfy hm*Sfi|^fc»l*b 

fciioi>3-^t, hue* 1 <o#RB«aEtii*^aw 

«Tffi©KJ£«£SA**^fc»ttkfcffiltt7J-f>lf- 

fE#5 1 ©S2p*BEi!gi:SfrE^ 1 ©A*-y 7 T-ElBroWTjSS 
fWCmi <mtt2BUi©]E©«E»> ©«#Wtfl*;p:& 

7ia»©Ui**^m©it£Eft^m-r»^-i:Kioj(a5#ctt 
ssn«*»©»je«jE.*a*-r*3S2 ©#«B«BEia* 

*»©itttia!fr*»6a:0. miS^ 2 ©MBftJE 

tH*#a©*a3£*ffi*#Jt«iatt©— ^ox^JH^fc 
^n^nA^i, «feaiR*a*«j«T*«-^-f y^B ■ 
»©*a©a*ftffi*©A*sffF-K*afcx*b-fcSB2 

©itft^at, 2 ©Jt*8^a©*ittHlltt©lil7jSH 
^KA7J*^£J*JftbJfc8 2©y:3--;5ffc. KSg2©^ 

zi-ywrn^^tcA^^^jg^b, ffl^sa^sTtt 

A/D«*tfy mi?jJg ; fR:»|*bfcJS2©X>3— ^ 40 
[1**312] 7±n$f©A7jtiMI&7 ! V5>$';U©Hi*j 

«^fcigjft-r*A/Dieiftiii»fc*jv»T. isi©*** 

£E»t«2©aip*ffi«t©IBHcnffl <ntt2£Lk©iE 

©sft) ©«K«»5R^*ia5»j»aEb,' i9aaJBi©si|i 

*ES&»2;©*!pte*£©ra©*E£fl-£E-r*C£ 
»cJ:O0*»SE*ns*ft©«3£«JE*ttl^-rsSBl© 
*SB«EtH'2»^a£. *ft©Jt«EI»a»SfcO, lWCIB 
1 ©#88«BEttJ*^a©*KS«BE*#tt*S5lIB©— 

©Xatfr? iz^n^enxi) u msiT±uif(Dxtim^ 50 
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fcfcHJfclHlBOflfcfrOAaSSH 1 legate A7j LTfcSifi 

i©tts<^at. *ft©«i)CEB3i»6a:o. fitness 1© 
#Bii8ffiai*^a©»«^«ffi*#«ifi§igs©— *©a 

^SSHft-tn-^nX^U, WBE7 , ^-D4f©A*fl|^S«. 
«Jf BKOfl&^wX^jSa^lCrtaKA?!! l>T&S«flr.^ 

at. ^**a©*M»ig»©tti7jM^fc*n-*?ttA 
*«^-&»a:ufc«ft©^-f y5=-@Bt*ras7^-D^© 

A*«^S A^SB^fc A* bfcX-f y fiStA^ 6 &3 

as?*at. sfriHmi©jtg<^a©&JtsiHis^©m^^ 

O^n-^t, K».l©5r=i-i/©ffl^SB^-t:A*«HF 
■*«5ttbfc«i©«*<tig»t. ttjS 1 ©g^tlilK© 

aajfl^fcAassH^ttttu m^sa^£-t<£A/D^ 

» 1 ©#»«ffiHirt#a©«T{fc©tt£*EE£A7J*fiP 

ic»tti,fcfciH2M >e-^>*fctH?jabfc-r*fca© 
Si<o;b7rllBi:. Sfria^i©S2PflffiilStSfrfE^ 
1 ©A*u/ 7 r IslKwttl^^PBfCm® (mtt 2 &LL©IE 

'©*«)' ©ffita^^^^itt^j^b. «rem i ©S2p 

WEEagtME^ 1 ©A*y 7 r-E]»©Ul77*fflH©*JEE* 
»EE-r*-Ci'lcJ:r)JB*ttesnaa[ft©»3e«E&Ui 
*r**2©#R|«fl£ffl*^a4:. «ft©Jt«iaB!HJ»S. 
fc'9> mrKSS 2 ©^p«JEEW*^a©#«^«EE«-#W: 
IftEB©— *©ArtSSHPK-t*HfttA7Jb. strfESK^ 

a^SfiJE-rsftx-r y?H»©fta©Hi**te*©A* 

«H 6 t*afcA*L/&JB2©tOft^at. KJB2©it« 
¥a©#Jfc*aa»©W*^fcA7J^*»«b;fcjS 2 
©^n-^t, KJBZC^a-^ota^jiB^KA^itfF 
5rSMLfc^2©g*ftIslBt, tt« 2 ©e4cfbi§l»© 
UlflM^lcATjSSHPSjfcttU m^SB^^TttA/DSE 
*fc?v haj*»^fci*lllELifcSS2©x>:3— 

[|f*3S3] iHE»10Ay7r@»tl/T.-«10 
**«BES©«BE£ Vrefl. ffi 1 ©#JH«£Etti2J#a© 
«Tifc©aS1tmSVl, fiJWSAtbfci:*,. A (V 
1 -Vrefl) +Vrefl-C*^tl^<g:tt5^-f >fcf— 

3?¥asfltoJc-rs«-;w y ^HKc^am^sa^tKnH 
*2©jtiS!#as««r*a-jtttp»©*aA?3«H=-t 
©wtc *ri5aiR^a©«x-f yf-ia»©*aw*M*!- 

£Vinb tLfctg, A (Vinb -Vrefl) + VreflT 

*$n<5ffl73«EKia?ja£*-ra« 2 ©Ay 7 r nii&S: 

J*ttbfc£fcS»«£r*tt#mE*©A/Dg»lll 

[»3RJB4] S1jfSmi©/N*y 7TtHlBtbT. SSI© 
3SiPte»©«BE* Vrefl, sB 1 ©#88«JEUl7J^a© 
»Ttt©B3£«ffiSVl. fiJffSrAtbfctS-. A (V 
1 -Vrefl) +VrefiT3t3n<&flSHJ2i'f >tT— ^>^. 
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£Vinb tbttf. A (Vinb -Vrefl) H-VreflT 

&z n-s «EEfcffl ti^m-r zm 2 ©a- y 7 7 iai&& 

S5t*L)t^t*<Rr«ira»*«2gEaoA/DaglftlHl 

m.T&(DmfemE.Azfm 1 <Dmmmi£m<»mK.<Dftt> k> 

C. £ 1 <d#HB«ffia**aoJB 3 fBH»©TttR£ 
*ffi&tf»2aB«»©Ttt»J£*E&jb>, -ttven 

Jttf^'3 0/'«y7 7'lHlK*^bTaS2 0#HI«ffittl** 

EtOA/DjaiSB. 

• 6 ] " missis 2 o#fi9«nm^^atcEnjnT^> 

W, 1 Ort^riBS^lfcSS 1 ©#Bg«JEW?7^a© 
*T{fc©ttB£*ffi»tfJ6 1 ©S*P1tffi)lg©mjE©ftfc> 0 

fc, » i o^HBft£Eaa*^a©JB 3 sik^otms 
aicErarr a ± -5 u jtc t swat-raw** 2 

"E«OA/D«»pi6. 

7 ] ffrfEW*^ 5 IE«© A/D^MUlg&t;:*; 

a*^aojB3aaai*oTffiiBe«jEEsvp o> «3 
fittosift) . JB2aatt*oTffi»^*Bi*y(p-i) 

(p tt3£Lfc©SEJfc) , fU#*Ai.bfct€f, »S«BE 
Vp £A {Vp -V(p-l) } +V(p-1) Tt^n^fiiti 
77 -f > t? - & > x © m -h SEE k: m fi f a *l # a co / \* 

tWE*2 ©jt^a*«i«r**itteiii» 

g£©*iltti77fi^§-£Vinb ttfctt, A {Vinb -V 

(p-D j +v(p-o TS$n$m^«ji{ct±i73ig^-r-5 

«2©Ay7rlHltt*a5llltUfcJ:t*1#afraA/D 

{flf&SS] ttEBl3^6E*©A./'D£ifclsttfc::fe 
l^T. S9ESBl©/Xy7 7ia»i:bT, JS 1 ©#HH*BE 
m?Wa©fB3ai£U*©Tffi«3£*EE£Vp (p «3 

■ (p tt3fiUb©SE») , W#£A£b7c£#. »3t«EE 
Vp £A {Vp -V(p-l) } +V(p-1) T^$n^><gai 

77 f > tr - y x © ai ti m be « c m * r a m » a © a- 

am73«^tiirEiB2 ojttt^a*«iar*#tttt0a 

©^jiA^sg^twp^fc, *nHas?^ao«-^-f y^s 

»0#fflUl73fll*ieVinb.-i:Lfci:*, A {Vinb -V 
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(p-1) } +V(p-1) T^$n-5di^€£E(Cttl77^g|-r-5 

[5£lK©ffiMffl&Bft^] 
[0 0 0 1] 

©■^s^^jKo'Hi^m^fcaEjftr-sA/DSiftEK 

[0 0 0 2] 

io [«e*©sw] a*. T-rnifxfim^Tj y^jvm 
*fli^K:*»-raA/DjaE»0BiLTtt. auic^-r 

±3&«j£©tt^SiA/Dajifcia»#»&nTVs*. 0 
14{C^f<fc'5tC, A/Dg»B»©fl-*M&fi(t j tTy h© 
i^, 2' -lIffl^>Al/-^CMPl, CMP 2 , • 
• - CMP (n-2), CMP (n-1) ZtXX^Z. Z\*l 

t><D.uynU—5>(D— ^(DXilM^itit, A77«*fVin 

*mm\z.x^m^nx^K). ^©atjsmpkh:, ^ 

1 ©#J»*ffiVreflfttfSJ 2 ©#M«BEVref 2WIK:«» 

ffltfii^Rl, R2, • • •R(n-l),Rn ^jt^J(C^E 

V2, • • • V(n-2), V(n-l) ^n-TnA^SnS 
i5lCftt)T^5. 3; 7c, ;tlb©3 >A°l/— ^©ttjTj 

5ttttl7Ji§dl' 1 .d2', • • • d (n-2), d (n-1) 
7Jjn. d©«2Mt[5]g&10i ^©tii^ff^te^n— ^ 
102CA*$n, ffi77{@*§Dl. D2, • • -D(n-2), 
; D(n-l) tLTtU^^n^. d©?^i — ^102 ^&©fctl 

3—^103 \zXJr£ft. x>zi — ^103 tr-vh-© 
30 A/D^if7 htti^^B 1, B2, •••B(j-l), 
Bj I:, SM^bl, b2, ■ • • b(j-l),bj Ofim 

[0 0 0 3] 'AlZ. ^©J;-5{C«fiS:$nTI/^A/D^ 
&mi&<DMft&, 015R^016(C*^UTSlWrS. ^ 
U. @16«015©iF73tCi^<0®T% M#©B#H«1©^ 
igga. •^n- ; E : n?CtJ^bTVi-5 ! b©Tfe-5. 015, 0161C: 
*lr>Ttt, A77«#Vint. ^©A77m#Vin{C*ff-5 
D>ni/- ^CMPl, CMP 2, • • -CMP(n-2), 
CMP (n-1) 0ffl77ffi^CMP 1-out, CMP2-out- 
40 •. • CMP (n-2)-out, CMP (n-l)-out ^S^nTiJ 

fc^*{tIfilKl01 ^6©HJ^«-*dl, d2, • • • d 
(n-2), d (n-1) ^3-^102 (CA77^nT. tiJ77«^ 
Dl, D2, • • • D(n-2),D(n-l) tl/Tffl7j?n5 
flMSLTV^, S3>A1/-3?CMP1, CMP ■ 
2, • • • CMP (n-2), CMP (n-1) fcti. ^MMEE-V 
1, V2, • • - V(n-2), V(n-l) S^^ftT^SW 
T. ^•©W77SS : ?tc«0I5{c^T<t-5?5:!)#14©tiS77«^ 
CMP 1-out, CMP2-out- • • CMP (n-2) -out, C 
50 MP(n-l)-out ^tB77$n-5„ d©ck-5(C. A77«^V 
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^CMP 1-out, CMP 2-out - - • CMP (n-2)-out, 
cmp (n-D-out ra v &-3 ynv— 9<ry&WMKN l . 
V2, • • • V(n-2); V(n-l) £ ATlfl^V in©*^ 

[0 0 0 4] tg*rttl]g§iOl ^JAtt'^^^lHl^-tr-lf 
EESftTiso. ^*ft,fflCLKCDiz:^±^i9Tr:(D=i> 

{tm C L Krt<H ^^©HFItA^fl^ V intC^fc 

^*^vo, ti^as^ns. dcog^-ftni^ioi 

^tU^Sn^Mdl, d2, •. - • d (n-2), d (n-1) 
tt, 3^1/-^CMP1, CMP 2, • • -CMP(n 
-2), CMP (n-1) ^CDXJjmHVintmfeonfc&miZ 

2 tcA^sn, aieic^-ri-p^tB^ft^-D i , D2, 

- • • D(n-2), D(n-l) tLTtU^^n^. :CDg, tti 
^JM^-Dl, D2, • • • D(n-2), D(n-l) it,, } \zy 
h©A*^U — 3— F£fS:£TSx>:n— ^103 l;A^3 
j k , 7>©;Ht l J-f^b.l,; b2, • • • b 
(j-l).bj d^&StlT, A/Dfg&fc:-;/ hrU^Sg^B 
1, B2, • • • B(j-l), Bj ^f>m^^n-5„. 
[0 0 0 5] 

. [^^^^Lcfc-5<hT^^)@] ±.mtm<» 

1, V 2, • • • V(n-2), V(n-l) <t©*/MW«£Jt*S< 
-^CA^U. -?"O^X>n-^{cA^$n, A/Df 

[0 0.0 6] COit, A^3Yt^Vin^#Sg«JEV 1 , 
V2 , • • • V(n-2) , V(n-l). (Di'©«ffi$GHiC*-5)^ 

d©*-&2 J -ljH«n>/1l/— ^^®tc/ioT.< 

1, R2, • • • R(n-l), R (n-2) it2 1 fll, 

& x > n (Dm^comm t> n >>t U— 5> co^t j£0ij 

[0 0 0 7] fie&WM^JMA/Dg&m&T 

^S^lf^b, fl^l*^tt J ?'t<&t)THD (to 
tal harmonic distortion) #«5{bL<> j9rM©43ftfcW# 
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[0 0 0 8] fie^WA/D^tslKICfcltS 

£W5If£hUK>, Jgtc. ^-tUcf^A^S©^:*:^ 
Z.t>nZ>tztbmn3i.?>-&¥££.UZ< < U THDiO'M 
10 £(£M£^££<h/$n:££<J:5KL;fcA/D^J&0&£ 

8fE*t©&fEW;t. TfeA/D^t*>^ FOSdcltS 
S:i<t4C £#Wftg&A/D^&|5]&£jg#:-r-5 Z\ t 

[0 0 0 9] 

#©. »^l~8fa«©#%BJoa^:^$r. 01® 

5£te. ^l©S2p«EEiHVrefltm2©S2p*JEi!SVre 
20 f2^0*ffiS:^ffit-S CitCfc D^CD#Hgte$r«S^ 
ttiflTZWi 1 <D&mW.BE.mJ]^& 1 <t. ©#Bg« 
EEtrJ^^&l t?#^ns*g©c©#Ba«ffi^T^-D^©A 
^fi^Vint^ttiKTS^l Oit«^g2 t, T^-D^ 
COXtl<m^Via^iE>m 1 (D^mMEEmtJ^gt l ©##1*1 

©M^m^^rX-f •>5 L tcj;oTS^-rsa^a4 
f£S#m£ 4 SrHPT £>{MWI^£. 7^- n ^A^m^ 
Vin^i ©#!l«JEffi;^&l T^^n^S©* 
JEI5B & -5 JS-S-©^)©^ <fc < H £l is. 2> «t 5 (C. 

30 ^l«itl!«^i9:2-c#f.n-5^©Jtferii^*xn-K 
-tirJ;oT%^T-5^i o^n— ^5 
«2p«JEj|S V r e f 3 1 ^ 4 ©S?P«aEjIg V re f 4 i © K© « 

^2©#Bg«ffiffi^^a6 ^2©#BH«JEm^¥ 

4 fc J; ^> T f# e n^flf t Srit^S^ 2 ©itfe< 
¥S7t, t5fr2S^S4(i: e fcoTf#^nfc«#^2 

40 JtK¥&7{CckoT^^ns«©:©tfctgr±i^^5 r zi-h* 
-r^<t^tC«^^n^2©x=i-^8<h. M^2©x 

2fflX>3-^9t, ^S2C9X>n — ^9^e©<t-^ 
<&tB^f 5TftA/DfMf7 hSffPfc. ^12^1©^ 

1 ©x>3— ^lOi. M^l©x>-n— yio^ewffl-^ 

[0 0 10] C©«totC«fi)cLfcA/D^Il]K-C«. 
50 ±ttA/D»f7hH S8l©«2gift£i!gVren<!:Sg 



7 

2 (DmmWL&M V re f 2 1 ©Bfl © ffiffi £#HE b T# £ n-5 
^l©i»©#ItffVl,,V2, • • -V(n-2),V(n 
-1) <h7:r-D^©A^fi^Vin<i;&i£<l&U ifiA/D 
h(c*flSb^l<Z)X>n-^lOtcJ;cTa< 

(f>2, • • '• <f> (n-1), <*>n-«. T^-Dy©A^J#^Vin 
Jivf,^ l ©giJ!®EEiKVfef 1 <h|g 2 OS2pfl;flEiI§Vref2 

3-CjlgEffbfc^&ttl^^Vin 1 , Vin2, • • • Vin(n 
-2),Vin(n-l) gJ?fg:40X-f »/ffcJ;oTaJi 

'tt. ±{fiiA/D5g»l£y 1 L S B£lTO»»** 

SofcCtlCfc*. fit, ^OTffiA/D^tfy h 
ffltb^^Vinb t. ISS3'©S2pfl:JB!gVref3£SS5 4.© 
V re f 4 <h ©W©'*JBE££ME L T# £ ft* ffi 2 
©tS&©#HBtt£Ev 1 , v 2 , - '• • v (m-2), y (m-1) 
' t*.as'2©Jt*!l!^a-CJt*fcU, m2©X>3-^9ic«i: 
-?.T. ^COJt^mf-^LfeT^A/blg^f^ He 

[0 0 11] ^±W*fiXWA/D|g^[s]i^T-J:iSi!lf^^ 

■y--r 'Xsis/jN-rs n t *jfc4H§iB&K:H:i«ii»f£ • 

S©i#*fcffl>L&nS££fg#ai2>.£f££U;:< < U 
THDOM^fiiStS d £#Tff1Jgfc A/D.SElftlB||*- 

[0 0 12] Sfc. B»*3S3., 4, 7, .8E«0#56W : . 

■ctt. mrre»*^ i~8 um<D&mj\c»mifmmz.-mx 

T« T^D^OTA^^VinA^fg 1 ©»2p«JEi§EVre 
fl<h?g2©S^»JEEMVref2£©P B 1©itffi£#JEUTt# 

©B^*£«<rSA/D£|jaBigfr*0fc3iir* C 
[0 0 13] 

Z>. 02H '2|c55WfC«*A/DJgjftlHll&OJBlOSItfi 
cojgffiSr^THlS&^glT. HI 1 ©IK^BtC^bitt)© 

tra—xttji*«-r*flifi!EK*K:ttra— ut* 

l/T^4. 02(Ci5^T. Rl, R2, • • • R(n-2). 

r (n-o i <D&mmiztiif)^&*ffifcT2>mvmm. 

©JSStsfl^ rl, r2, • • • r (m-1) , r m tefff 2 © 

#S8«BEia*^assija-r*it5»ji*«it©ift»[* ; 3 i . cm 

Pla, CMP2a, • • -CMP (n-2) a. CMP(n-l)all 
SS'l©Jt*¥&&*lirr4tt«E». CMPlb, CMP 
2b, • • •CMP(m-2)b, C M P (m-1) bttffS 2 ©itfe^ 



(5) " «fBfl¥l 1-88175 

8 

. &£*8fijrr*it«l§l!&. SUB1, SUB2. ---S 
U B (n-2) , S U B (n-1) ttM^a^tf^-T^M^lHl 

SW1, SW2, - • ,• SW(n-Z), SW(n-l) SaS 
SWn ttSlR^RS«<«-r*^ BUFltt 
A'-7 7 7@!S. B (k+1), B (k+2), • • -B(j+k- 
1), B(j+k)te±{£A/D£&kV b'miim^, Bl, 
B 2 , - • • B (k-1)-, Bk ttttA/Df FtB* 

£^LTt^-5. {H.L-, j =log 2 n, k = log 2 m, 
n, mte2£Lh©IE©g$a?&£. 

io [0 014] &\z, miomm<vMm<D'g.\zmMf2.ffii& . 

tmz. ±ttA/p«»tfy h«^©Ui^«lf^^0 3 5: 
tfH4KUStifV»TBMH-r*. Sf&iti&lslg&CMPla, 
CMP2a, • • -CMP(n-2)a, CMP(n-l)a©#KK 

"a" T^'r«#»»#Ha) ^x^^ni.; ^i©s^ 

•JEilgVrefl 2 CDS?P«)EilSVref2t©F B 1fc:ffi;tn[^ 
?R1, R2, • • • R(n-l), Rn ^jS^JlCftj^Ufcgl 

1, V2, • • • V (n-2), V (n-1) 1 <M£$iim& 

20 CMPla, CMP2a, • • • CMP (n-2)a, CMP(n- 

CMPla, CMP2a, v.- -CMP(n-2)a, CMP(n- 
1) a^ yn U—^ltitl t LT, CMP la-out, C 
MP2a-out, • • • CMP (n-2)a-out, CMP(n-l)a-o 
■ utdirU^J$n-5„ A^m^-Vin^ffleiKSUB 

1, SUB 2, • • • SUB (n-2), SUB (n-1) CDXtl 

$&T\z%\t>t£ti> ^n^nvmMm'&frZteXfimn 

Vini^l«#ra«JErJt}^#g:^bW#Bg«EEV 1, V 

2, • • • V(n-2), V(n-l) tOi^tH^lStlS. d© 
30 MfflH^SUB l*^^«Vin-V 1 ,+ Vrefl, M 

IlKSUB 2^e.«Vin-V2 4-Vrefl, • • • 
ESSUB(n-2) 75^«Vin-V(n-2) +Vrefl, 
HffiSUB(n-l) *^«Vin-V(n-l) +Vrefl^tt5^ 

tt. ^-f.y^IS^SW.l, SW2, • • -SW(n-2),S 

w(n-i) ©A^ffl^tc-en^-'nA^sn. ao©x-f-> 

^S&SWn ©A^^tttA^m^-Vin^A^^n 

-s. 

. [0 0 1 5] it«<lEjl^CMPla, CMP2a, • • • CM 
40 P(n-2)a, CMP (n-l)a©Ui^@^CMP la-out, CM 
P2a-out, • CMP (n-2)a-out, CMP (n-Oa-out 
H, ^lOfn-^SICAA^n, 7^D>/©A^«^- 
Vin##H8®JEV 1 . V2, • • • V (n-2) , V (n-1) © 

£ ©«j£ic h ic $> z> (Dp z m 1 ©X n - ^ 5 © ffl 

<f> 1 , * 2, •. • • <i> (n-2), <t> (n-l),.<f>n tLTttl^J-r 
-So Cl©^ 1 ©-r3^5©ril7jm*f <i> 1 . <i)2. • • 
• <f> Cn-1) . <J>n 1 ©Sl^fclsI&l UcA^Sn, 81 

*fl:lHl»fflCLKJC«t-.bT, ZcDfaypm^rCLKiZ 
mmhfcm^tm^H, DU. - • -D(n-2)a, D(n 
50 -DaiUT. fSio«*fl:lHi»u^6iai**n*. H 
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\z. mm.w>i<D : T-=i-¥'sv>\ti?)m ! %4> 1. <t>2, ■ ■ 

• <j> (n-l), <f>n tt. X-i y^lslS&Swi , SW2, •■ 

• SWGi-2), SW(n-l), SWn ©W4PS8^ ICflg^Xf >y 

•y^IHS&SWl, SW2, • • • SW(n-2), SW(n-l) 

4fVin/5*#!£ttEEV 1, V2, • • • V (n-2), V (n-l) 

SUB 1 tB^V in — V i +Vrefl, Mlii^SU 

B 2>^£>CDfctj;JjVin-V 2 + Vrefl, • • • Mffleli&S 
UB(n-2) #>£>CDtti:ftVin- V(n-2) + Vrefl, MS® 
KSUB (n-l)/fr>£C9tli7j.Vin-V(n-l) + Vrefl, X 

i (Dmmw.&mvTei i tig i ©#!&«sti];fj#g©gT 

ft©#fig«tJEV 1 cD«JEE$eHF*3©^ V inb (03C9 
" B " £ b T tti ^ £ ft -5 . 

[0016] mmvfsioymwtmmifrzmtiistifz 

ttJ^7^Dla, D2a, - ••D(n-2)a, D(n-l)a«, M 

4©0)~®!^tf^tLTM i cDx>n— ymzxf} 

$ft. TfiA/D»f^ hgc£k K-/ hfT^L, £ 
CD??! 1 C9X>3 — ^10^61*. _h&A/D^j&t: y hffi 
^SS^B (k+1), B(k + 2), • • -BCj+k-l), B (j + 
k) {£. j t' y h- ©A'-T ^ U — ft ^tC^glSftfc Ji-fcA/ 
D^lfttfy hfa^fb (k+1), b(k + 2), • • • b (j+k- 

f>> hgcte, j =log 2 nTS$ft^ j fc* y hTab^>„ 

[0017] #.\z. TteA/D^siftify hm^^ta^T 

"B" T*rr0#i£jg©— j &«iglg|5£i£;*cbT5SbTV> 
-5. ST. ^2CDit«#©€:ai^rSltKlilKCMPl 
b, CMP 2b, • • ■ CMP (m-2)b, CMP(irl)b©*' 
StteA^SSmcte. WIWattSUBl, SUB 2, 

• S UB (n-2), SUB (n-l) fr£><DtiitjXU\?im^V 

incD^-rtus^. a^s^^T-sx-r^^niKsw 

1, SW2, • • • SW(n-2), SW(n-l), SWn tC«fco 
TM&jl&bfcft-SfVinb (lll3R.lK0 5.(C*3tiT 

"B" X'^-rmm&M&M) rfAJltStlZ. jBl®#J!B 
«EEffl*"¥&K:m*S«Tffi<Z)SWBWEEV 1 tt. 
-f >t?-y>^tm*3gtft-^'*Ay 7r0»BUF IK 
ioT, V 1 b t LTffl*Snfc». 'jg 1 <OS9«E8 
V re f 1 £ A* >y ~> 7 ElB B U F 1 ©Ul flSmw \zmn&m 

1,. r 2, • • r (m-1), rm };: <fcoT#EE£ft. 
»BE*tlfc*BEA«JB^#RB«flE v 1 , v 2 , • • • v (m 
-2),v(m-l) (0 5® "B" , "C" -CStf§»#' 
Bg) tLTtitoSn, it«igttCMPib. CMP2b, • 

• • CMP(m-2)b, CMP (m-DbWSteA^jS^^A^J 
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£ft£. ^©^JH. Jtt&ElS&CMPlb, CMP2b, - • 

• CMP (m-2)b, CMPOn-Db^Ste. 3»1l/— ^j±j 
^IchbTCMP lb-out, CMP2b-out, • • •CMP(ii 
-2)b-out, CMP(m-l)b-out^ffl^£ftl>. 

[0 0 18] Jt&HS&CMPlb, CMP2b, • • • CM 
P(m-2)b, CMP (i-l)b©lil*f^CMP lb-out, CM 
P2b-out, • • • CMP (m-2)b-out, CM P (m-1) b-out 
tt. SfS2©5r:3— ^8tCA2>$ft, fs-SfVinb 2 © 
#»fltffiffl**ao!)#flB«BEv 1, v2, • • • v(m- 
10 2),v(m-l) ©£*©«SE$GB£a&.g>©^£» 352©^3 
-^8©m^m^d lb, d 2b, • • d(m-2)b, d (m- . 
. DbibTffi^-r^. £©lfS2©5r:3 — ^©tH^ft^ 
dlb,d2b, • • -d(B-2)b. d(m-l)btt, %i2(Dm& 
<ttHl^l2tCA^$ft. ^*ftli]2&fflCLK(Cj;oT, Z. . 

o)^ay^m^rci.K\zmm^rzm^<tmm^ib,D2 

b, • • -D(m-2)b, D (m-l)b£ bT^ 2'CD^ftE]j^l2 
36»Sm*StL*.- Jg_2 W^^tlEl^l2^e,{±S^Sftfc@ 
. *ffcfH-*f-D lb, D2b, • • • D(m-2)b, D(m-l)bt±, H 
6 \ZiS^XM^ 1 -jtL^lSJCS-rfi^i LIS 2 CD 
20 X>3-^9ICA^^n, dC0^ 2C0X>3 — ^9 COtH 
TjSSTt^W:. T{4A/Dfg^t*-y Mti^SS^B 1, B 
2, • • • B(k-l),Bk iCkfy h.<Drt<f ■}->)— m^Z 
•^JftSftfeTffiA/D^fcf^ h©^— 1,. b 2, 

• • • b.(k-l), bk jjtm^sn*. eCDtf. TSA/ 
.' DSSljltfy h»»4, k=lbg' 2 mT«$ft«.k f-i/ hTffe 

-5. ■ 
[0 0 19] £K±mW^tz£5lZ; ±{4A/D^t*>y 
h«. ^1 COS2Sa«ffiMVrefl£^2 CDSWEElSVre 
f2ra©«JE£#EEbTf#Sft-5MS 1 <0#^*JEtti^^a' 
30 <D&&mMJ£tTj-UtfGr>XJ]mnVintL&itmU, Jh 
feA/D^g|k-^ HK»*5bfeJBl COX>3-yi0{Ci 
^Tfi<^g|$ft. SfcicofggU co^n— 5^5 Id.*:^ 

T^-p^coA^m^vin^e,^ i oi^mm. 

^Ctf en&TfiA/D^f-y MUi 
^J«^tt. ±ffiA/D«»tfy K*S*0 1L S BJ^T© 
»#im-o1zz.£\iuz. fl/T. COTffiA/DSElft 
tfy hffltti^m^<i:. 3?lCDg2p«EEMVrefl£fglCD 

Jt«LT. ^2©x>zi-y(cJ:oT^-.coltfeiS*{c*f 

[0 0 2 0] CCOi^lC. (j+k) hCOA/D|£g|lH] 
■.tt*Sia-r*«^. n>/tl/-^&$:2 J +2 k -2iC 

50 C9tS^«^i£ige{!>^-&SCl£^pltg£^:^. 3E(C. *n 
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Ll'<<b. THD©#fl;£<g:M£i*£A/Dg|&[5]jE& 

[0 0 2 1] *fz. ^2©H]5gco^(i:o^Titt0JT 
-5. B7tttB2 0SSEi6©»iS*3Srigtt«j«HT. 0 2 

ICHU— (D^£#LT^bT*JD> 08~0lH;t-?-© 

tt. JB l o*S6'o»!BK:*^t. SB l coS^fkaKii^ 

jgl 05^-3—^5 ■©Ul^fflK. JfS2©SC*:fl:ig8&12§fB 
2CDrn-^8COm^fl l Jt^ttT^?.^0(C, 

[0 0 2 2] COJ;5-fcfl|JSJE*tlfc»2©*1605j»ffiK: 
*5HT«. ST, T^-D^©A^«^Vin (03© 
"A" Tj£TflM»afc?W«!R) ^«*fb[il^l3tcA^^n 

CLK(C|^fflLfc@*ftA^«-^Vina (0 8© "A" 

^m^vina ttSBiojt«¥a*«firrsit*asiittcM 

PI a, CMP2a, • • -CMP (n-2) a, CMP.(n-l)a© 
^SeA^S^tA^jSn. % 1 OSiP«BE«Vref 1 1 
9H 2 ©a^WEEilSVref 2i©p B 1icStn:m^R 1 , R 2 .. 
• • • R(n-l), Rn*fflWK:»atbfc»l ©#^«EEtti 
^^fC«t-pT^^nfe#Bg«JEV 1, V2, • • • 
V(n-2), V(n-l) **, fl 1 OiOftHK-CMP la, CMP 
2a,. •••CMP (n-2) a, CMP(n-l)afflK6A^Sf 

^©ijg*, JttfcEIKCMPla, CMP 2 
a, • • • CMP(n-»a, : CMP(n-l)aiJvf,tt3>ytU 
— i'm^iLT. CMPla-out, CMP2a-out, • • • 
CMP (n-2) a-out, CMP (n-l)a-out/&niJ:*j£*l-5. $ 
fc. S*fkA*m#Vina tiM^lel^SUB 1, SUB 
2, • • • SUB(n-2),SUB(n-l) CDA^jSftfeA 
v^tl. ^n^n©^@&^€>teS:fcfcA^«*fVin 
a £ISl©#f&«JEW^¥a^S©#!l«JEVl, V 
2, • • • V(n-2), V(n-l) tOiiiffl^^n^. d© 

MIIEKSU'B lri^ttVina - Vl+Vrefl, 
M^IIl&SUB 2^<=>teVina -V 2 +Vrefl, • • • 
Mff !§]?& S U B (n-2) j^ibtiVina -V(n-2) +Vref 
1, «JHlttSUB(n-l) ; *»6faVina -V(n-l) +Vr 

efi^ffi^m^t LTta^^n^o ^n^cMii^o 

W^^fi, -yfiSSWl, SW2, • • • SW 
(n-2), SW(n-l) <D\t)ii%T\Z*rtl?nXjl2tl. JSO 
©X-f y?[5]&SWri ©A^«ST(Ctt^*{kA^m^V 
ina j&*A2j£*1£. 

(0 0.2 3] ItifclHlg&CMPla, CMP2a, • • • CM 
P(n-2)a, CMP (n-l)a©ttJ^ff^-CMPla-out, CM 
P2a-out, • • • CMP (n-2)a-out, CMP (n-1) a-out 
tt. Sl©f3-y5iCA^$n, *H#ftf@^Vina # 
#!S«J£V1, V2, • • ■ V(n-2), V(n-l) ©£*©« 
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i£.&miz$>z(Dfr$:%i i <D? : zi-ys<Dtti?)mn<t> 1 , 

<f>2, • • • <J> (n-2), <Mn-l), <f>n tbTHi^. £ 
0^10T3-y50ti)M^<l>l, £2, - • • <Mn 
-l),<*>n te. X< -y^lHl^SWl, SW2, • • • SW 
(n-2), SW(n-l), SWn <DWm^\zmi^7,^ y^-yif 

aiffli^tLTA^sns. zmict^-ow 

SSWl, SW2, • • • SW(n-2), SW(n-l) RtfS 
Wn ©&j!©fcH?jSjg^?,H. tM^fcATjfi^tVina tf» 
#MJEV1, V2, • • • V(n-2), V(n-l) ©£*©« 

io E«gfflK*a©*»fc*JW-ra;:£T. Mfltlni&suB l 

^b©m^)Vina -Vl+Vrefl, MIlHgtSUB2^ 
6©{iJ+jVina -V2 +Vrefl, • '• • Mfflsli&S UB 
(n-2) ^5)©tli^Vina -V(n-2) +Vrefl, WL%m^, 
SUB (n-1) *->e>©aj^Vina -V(n-l) +Vrefl, X 
ttM*{tA^m^Vina <D^nfr&m!KW9l\stz.m^ 
Vinb ^{fj^^ns. ^©i&m, g^itA^M^Vina 
«m 1 ©S2flfl:JEHVref 1 £35 1 ©#83«fftti;fj=£&© 
*Tft#J8«JEV 1 ©mjE$gHj*3©ft-ffVinb (08© 

"b" ^^Tm^WLB^m) iitiii^sns. 
20 [o o 2 4] ttrie©^i©x>zi— y5^e.©m^m^ 

. ■ <J> 1 , <f> 2 , •-•<*> (n-2), <*> (n-1), <f>n te, 0 9 ©Q) 
~®tc^i-«^<t Ltl 1 ©x>n— yiOtcA^^tl, 
T{4A/D^^e>y FMkfc*7 htt«i. £©#51 

B(k+1), B(k+2), • • • B(j+k-l), B(j+k)tC, 

j if y h©/N*-r + g-^['^^nfcj:^A/D^ 

b*u/ r-m-Sfb (k+1), b(k+2), •••b(j+k-l), b 
<J+k)a*ttJ*Sn*. £©£€. ±ttA/D«»eyh 
SCH, j =log 2 n-C8$n-S j hT$^ 
30 [0 0 2 5] #.\Z. TfiA/D^h*7 hfi^Slii^t 
£®lf££\ 0105:^01 l^fflViTUJMT-S. fib. 01 
0, UfCi3<^Ttt, T&A/D^&©»jf££f8!£L^-r 

<-rzrztt>. 0iotc43^s "c" T^-r«^K^i 

"B" T^T«^Si^©-^iSgl5^&^:LT^LTU 

* v *?\ «2<oittt*a*«i«-r*it<ftii»CMPi 

b, CMP2b, • • -CMP(m-2)b, CMP (m-l)b©# 
KteAZlSH^Ktt. «HL!E]g&SUB 1, SUB 2, •• 
• SUB (n-2), S UB (n-1) A* 6©ffi^X«g*fr:A^ 
«^Vina OHW*. SS?*g:^1f^-rS7.1'-y^ 
40 1SSW1, SW2, • • • SW(n-2), SW(n-l), SW 
n (CioT^S^b^m^Vinb (08R^01O(C* 
"B" TST©*»»#HI) ^A^3Sns„ gll© 

&mm&tiiJi^mziotfz>mT®:&mM&v 1 «. <stu 

> tf-y >X(rttJ^^MTSA*-y 7 705&B U F 1 
(CctoT, V 1 btLTtrJ^^n^. S8l©32P«BE 
^Vrefli/N*-y7rlelKBUFl© ttl ^j^TPal {Cit^Jlg 

r l, r2, •'• • r(«-l),riil:ioT^E3n, ^ 
©^ffi^nfcajEE7!)i)fi^#M«JEv 1 , v2, • • - v 
50 (m-2), v (m-1) (010© "B" , "C" -Q^-tm^WLM 
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#«0 tVXtiifj^n, Jt&lHl&CMPlb, CMP2b, 
- • -CMP(m-2)b, CMP (m-DbCOSIcA^Sg^lCA 
t)ZnZ>. ^(Dlfc^ itfeEDi&CMPlb, CMP2b, • 
• • CMP (m-2) b, CMP (m-l)b#> <=> te. nyrtU— ? 
ttiJlt bTCMPlb-out, CMP2b-out, ■ • • CMP 
(m-2)b-out, CMP (m-l)b-out^ttJ^J$*a-5. 
[0 0 2 6] J£iR[H]8&CMPlb, CMP2b, • • • CM 
P(m-2)b, CMP (ra-l)bCDtH7j{I^CMP lb-out, CM 
P2b-out, • - • CMP (m-2)b-out, CMP (m-l)b-out 
\t. ^2(D : tU— y&\ZX+l-2n. m-^-Vinb t^2<D 10 
#M«fftti^I£<£#{imj£v 1 , v 2 , • • - v (m- 
•2),v(m-l) <DE<DmEEMW\Z$>2><nfr&. ^2©t3 
— ^8©tti^m^-D lb, D 2 b, • •. • D(m-2)b, D(m- 

^nfctU^m^-D lb, D2b, • • -D(m-2)b, D(m-l)b 
\t. S'lUC&^T^JSc^ 1 -Jl&^lllZTskTmm: LT 
SS2CDX>n — ?9 CA^J^n, t<Df$2<DX.>u— ? 
9<DtHm^it. T&A/Dg&fc*-;/ httS^J^B 1, 
B2, • • B (k-1), Bk iCk t*-^ hCDA-f^-'J— flV 
l^^tlfcTfiA/D^^fy hW^-^b 1, b 20 
2, • • - b(k-l), bk &mjjtsflZ>. COig, Tfi 
A/Dtit'7 hf&te. k^log 2 mT^^tl^k t*-y h 

[0 027] tiiift^L^j:^^. z\<nmm<oMm\z& 

^]$tl5. ±&A/D^t*7Mt Iff 1 ©S^ltjEEilS 
V r e f 1 i ^ 2 OS2p® JEilS V re f 2F^ ©WffiS- ^EE b Tit 
£>nz>m 1 O^SH^jgEtij^^g^^Hg^t^^x 30 

l©X>3-^10lC«J:oTffi<^$n. SfcJl©^ . 
l(D^zi-^-5 (C«t?)t±i^M*tt, ^{tA^ft^e. 

A/D^&t'-y hffltB^m^t^lOSWJEEjSVrefl 

se & Km. l t# s n & ^ 2 ©#ra^j3EUi f) m&<D 

WJEiSrJtfebT. m2WX>Zl-yiCct^T^WJtR 
[0 0 2 8] ClWiotC. (j+k) fc*>y hcOA/D^^d 
>A1/-^M2' +2" -2tC-T-2)Cli:^T^. iS# 

z> z. iifr-c&ztmz: &iBi2&\z\tTis&W}mz ! &mtzm 
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Z>Z\t1)^fte.tts.Z>. Hie. ^-txlcff ?AjV&m.<D®± 

'bn^^n^rcit>mm^^^i'iz< < u thdo 
#{fc $ -t±* a/ d ng&tn & ^sugrr * d <h ^-e^ 

[0 0 2 9] iktC, ^3(D^JS«^{C01,iTlttBJf 
012tt^3©Hig©^$r^TlHlS^^0-C, 12 

0 2 IC^L/tlg 1 OHJg^^tJ&i'l^blHlg&W 
^ 1 «#Mttffiffi^^&lc*5^^*T{4#raSJBEV 1 £ 

fitb^-r >tf— y>xizmt>m&T2>rty y tihs&b u 

FlCDftbOtC, A (Vl-Vrefl) +Vrefl"C^$n 

3fia32K>tr-y>xc9tu^*Ev 1 bizmjj&m-r 

5.fimA©/N*>y7TlEl?&BUFll^fflV^ ^fcgiR^IS: 
^^T^X-r-y^UKSWl, SW2, • • - SW(n 
-2),SW(n-l) WSWn CD&ffittJ*^^ ^>tb^J £tl 
^a^m-^Vihb Sr. A (Vinb -Vrefl) + VreflT 

^sn^vinc \ztii?)mm-rz>mmA<D/-<;y7 7\Eiv&B 

UFHOA^a^lCA^L, :©A*7 7rIili^BUF12 

wai^ 2 ©tt«<#e^*B£-rs«-iteiiis^c M P 1 

b, CMP2b, • • -CMP(m-2)b, CMP(i-l)bO* 
[0 0 3 0] -CD<fc-5^1fiI8S«fiEi:-r^Clt{C«tD. gff 

Z.h\Z^X. TfiA/D^f7 HO]lt»S*g< 
-f£ £<h Rising 3 „ 
[0 0 3 1] ^fC, ^4^JgO®ffitCt3^Tlft^-r 

ibm:, 0 7 tc^L/i^ 2 ommwrniiftzm cmv&m 
fifcrj^-f y\±—?->7,\z)&-hW& i rz>nv •? 7 i?Jbu 
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